/ JC17 RetfdPCT/PTO o 1 AUG 200> 

9/fflS ^9/890471 





1 


IMPROVED CIRCUIT BOARD MANUFACTURING PROCESS 
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Field Ot The Invention 




3 


The present invention relates to an improved process for forming a single-sided, 




4 


double-sided, or a multilayer circuit board. 
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Background Of The Invention 




6 


Printed circuit (or wiring) boards are well known in the electronics field. In 




7 


general, such boards consist of a dielectric resin impregnated substrate (e.g. of woven 




o 
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or non-woven glass fibers) that is adhered to a sheet or foil of conductive metal, 


u 
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generally copper, on at least one surface. Typical resins that can be used to 


fcfli 
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impregnate the substrate include phenolic resins, epoxy resins, polyimides, polyesters 




ll 


and the like. The copper sheet or foil is joined to the semi-cured resin impregnated 


Jz, 


12 


substrate using well known techniques, e.g. by application of heat and pressure. 




13 


Thereafter, electrical circuit patterns are formed on the copper layers by 


£ 


14 


conventional techniques. For example, a layer of photoresist may be coated over the 




15 


copper layer, exposed imagewise and developed to yield a relief resist image on the 




16 


copper layer. The exposed copper is etched away and the resist image is removed, 


.=5. 


17 


leaving the copper circuit pattern exposed. Elemental copper, like other pure metals, 


J ':• 

t 2. 
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generally exhibits poor adhesion characteristics for bonding to dielectric resinous 




19 


substrates typically used in circuit board manufacture, and intermediate conversion 




20 


coatings are frequently helpful to enhance the adhesion of the metal to the substrate. 




21 


Hence, the copper foil may be treated prior to being laminated to the resin substrate to 




22 


form a layer of copper oxide, tin or other adhesion promoter on at least one surface. 




23 


Various methods have been employed for this purpose. Examples of such methods are 




24 


described in U.b. Pat. Nos. 2,955,9 /4; 3, 1 / /, 1UJ; ana 3,19o,o /z, wnicn are nereoy 




25 


incorporated by reference. 
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Printed circuit boards prepared as described above may be assembled to form 




27 


multilayer printed circuit board constructions by stacking a predetermined number of 




28 


boards one atop another. In such a construction, the cured or semi-cured polymeric 




29 


non-conductive materials (such as epoxy resin impregnated fiberglass cloth) is in 




30 


contact with the copper surface of the adjacent circuit board. The stacked circuit board 
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assembly may be laminated together by application of heat and pressure to form a 




Z 


multilayer printed circuit board. 
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Typical laminating conditions involve pressing the stacked boards between 
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metallic plates at a pressure between about 200 psi to about 600 psi at a temperature 
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circuit between the outer layer and the inner layer circuit patterns. 
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Summary of the Invention 


CSS: 


13 


The present invention relates to improvements in circuit board manufacturing 
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processes. In one aspect, the invention relates to imprinting techniques for 




ID 


manuiaciunng circuit ooaras. iviore particularly, in one aspect tne invention relates 10 




lo 


a method for making printed circuit boards utilizing printing techniques for direct 
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contact masks that resist plating and metallic etching. Applicant's invention also 
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lo 


includes metnoas ior direct printing oi conductors anu circuit devices and insui<iiors 
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pi inieo. 
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various cucuit devices can oe oirecuy printed onto circuit dootus. incac 
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devices include capdciiuib, rcbibiurb, niuuciui a, anu iiaiioioriiicrb. rui cAaiiipic, 
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capacitors can be formed at desired locations by printing a conductor, then a 
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oi electric, and tnen a second conductor to iorm a paranei piate capacitor, ^onuuciors 




26 


can cross each other by printing an insulating pattern on a conductor or conductors at 




27 


the desired cross over point(s) and subsequently printing a crossing over conductor(s). 




28 


The process will make multi-layers as well as two sided plated though hole types of 




29 


printed circuit boards. 




30 


Printing on the metallic conductor for direct contact masks that resist plating 




31 


and metallic etching can be done by: 
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a. Electro-photographic printer with chemically resistant toner. 

b. Inkjet printer with chemically resistant ink. 

c. Relief press printer with chemically resistant ink in either direct or 
off-set mode. 

d. Lithographic press printer with chemically resistant ink in either direct 

or off-set mode 

e. Intaglio press printer with chemically resistant ink in either direct or 
off-set mode. 

f. By screen printing. 

Use of these direct printing techniques results in better definition of etched circuitry 
than can be achieved using conventional processes. In addition, use of these direct 
printing techniques allows for manufacture of narrower conductors, giving higher 
circuit densities on a circuit board than could be achieved using conventional 
techniques. 

Brief Description of the Drawings 

The invention will be better understood from a reading of the following detailed 
description taken in conjunction with the drawings in which like reference designators 
are used to designate like elements, and in which: 

FIG. 1 is a sectional view of a double-sided, metal clad, circuit board substrate; 

FIG. 2 is a sectional view of the first and second steps in Applicant's circuit 
board manufacturing process showing a direct printed pattern mask; 

FIG. 3 is a sectional view of the second step in Applicant's process; 

FIG. 4 is a view similar to FIG. 3, of the next step in Applicant's process; 

FIG. 5 is a sectional view of an intermediate step in Applicant's alternative 
process; 

FIG. 6 is a top view of a first void formed in a first conductor disposed on the top 
surface of a circuit board substrate in accordance with Applicant's alternative process; 

FIG. 7 is a bottom view of a second void formed in a second conductor disposed 
on the bottom surface of a circuit board substrate in accordance with Applicant's 
alternative process; 

FIG. 8 is a sectional view of a via formed in a substrate; 



1 FIG. 9 is a sectional view showing printing of a plating resist mask; 

2 FIG. 10 is a sectional view showing plating of exposed portions of the top and 

3 bottom sides of a substrate; 

4 FIG. 1 1 is a sectional view showing formation of a first circuit pattern and a 

5 second circuit pattern; 

6 FIG. 12 is a sectional view of a plated via; 

7 FIG. 13 is a sectional view showing direct printing of conductors onto a plated 

8 via; 

9 FIG. 14 is a sectional view showing direct printing of circuit devices onto a 

10 substrate; 

1 1 FIG. 15 is a sectional view showing the first step of a process to print crossing 

12 conductors onto a circuit board substrate; 

13 FIG. 16 is a sectional view showing the second step of a process to print crossing 

14 conductors onto a circuit board substrate; 

15 FIG. 17 is a top view showing printing of crossing conductors onto a circuit 

16 board substrate; 

17 FIG. 18 is a sectional view showing printing of multiple crossing conductors 

1 8 onto a circuit board substrate; 

1 9 FIG. 19 is a top view showing multiple crossing conductors printed onto a circuit 

20 board substrate; 

2 1 FIG. 20 is a sectional view of printed shields disposed on printed circuit devices; 

22 FIG. 2 1 is a sectional view showing printing of a solder mask onto a circuit 

23 board substrate; 

24 FIG. 22 is a sectional view of a multilayer circuit board formed using 

25 Applicant's process; 

26 FIG. 23 is a sectional view of a circuit board laminate formed using Applicant's 

27 process which includes a via connecting all layers of the laminate; and 

28 FIG. 24 is a sectional view of a circuit board laminate formed using Applicant's 

29 process which includes a via connecting two of three component substrates. 

30 Detailed Description Of The Preferred Embodiments 

3 1 Turning to FIG. 1 , the printed circuit board production process begins with non- 
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mnrhirHna substrate 10 which has ton surface 12 and bottom surface 14 Substrate 10 
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ran he frvrm pH fmm a' fiber-reinforced thermoset comnosition a molded thermoolastic 
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camp Preferahlv substrate 10 is a FR-4 tvne Pnow material Substrate 10 is between 






about 0 00R and 0 1 94 inches thick nreferablv between about 0 011 and about 0 062 
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inches thick. 
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First conductor 16 covers top surface 12 and second conductor 18 covers bottom 




a 
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surface 14 First conductor 1 6 and second conductor 18 are metallic films having a 
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thickness between about 0 0002 and about 0 002 inches First conductor 13 and second 
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conductor 14 may be formed from the same or from different metals. First conductor 13 
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1 1 


and second conductor are nreferablv both formed from coDDer. 
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ppferrinf* f n prrj 9 first nattern mask 20 is annlied to nortions of first 






conductor 1 leavina other nortions of first conductor 16 exnosed For examole 
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niimpral 99 rrvrresnnnHs tn an evnospd area of first conductor 1 6 First nattern mask 
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90 mav be annlied bv nrintine techniaues includine electro-ohotoffraDhic fi.e. 
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electrostatic^ nrintine ink iet orintine relief Dress nrintine or the like using either 




17 


direct or off-set mode, and lithographic press printing or the like using either direct or 




18 


off-set mode and screen printing. The inks used to form first pattern mask 20 are 




19 


commercially available. Preferred inks include conventional size controlled laser 




90 


nrintina inks which are annlied and then heated to fuse the inks If desired, the 
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1 5s leaving tlie remaininp nortions of second conductor 18 exoosed. The same 




24 


printing processes and inks are used as described above in conjunction with first 




25 


pattern mask 20. Numeral 26 corresponds to such an exposed area of second 
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27 


where a conduction pathway, sometimes called a via, between top surface 12 and 




28 


bottom surface 14 is desired. As those skilled in the art will appreciate, a plurality of 




29 


vias may be required in any given circuit board. 




30 


The next step, FIG. 3, involves plating up the exposed areas at 30A, 32A using 




31 


either electrochemical or electroless plating. The first and second pattern masks 20,24 
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1 are then removed, and the first and second conductor films 16,18 are etched back and 

2 removed completely except the underlying plated up areas which, due to their 

3 increased thickness, survive in part the etching step. See FIG. 4. 

4 The process for forming a via is now illustrated. The portion of first 

5 conductor 16 in exposed area 22 is removed from top surface 12 to form void 30. At 

6 either the same time, or in a separate step, the portion of second conductor 18 in 

7 exposed area 26 is removed from bottom surface 14 to form void 32. The portion of 

8 first conductor 16 in exposed area 22, and the portion of second conductor 18 in 

9 exposed area 26, are preferably removed by chemical etching processes. Referring to 

10 FIG. 5, first pattern mask 20 and second pattern mask 24 are then removed. First 

1 1 pattern mask 20 and second pattern mask 24 may be removed in a single step, or in 

12 separate steps. 

13 Referring to FIG. 6, void 30 is roughly cylindrical, with the walls of the 

14 cy linder being defined by first conductor 16 and the floor of the cylinder being 

15 defined by top surface 12. Referring to FIG. 6, void 32 is roughly cylindrical, with 

16 the walls of the cylinder being defined by second conductor 18 and the floor of the 

17 cylinder being defined by bottom surface 14. The diameters of void 30 and void 32 

18 may be approximately equal, or they may be different. 

19 Referring to FIGS. 7 and 8, via 34 is a hole drilled through substrate 10 

20 connecting void 30 and void 32. Via 34 has a diameter equal to or smaller than the 

21 diameters of either void 30 and void 32. Via 34 may be formed using a laser device 

22 or by chemical means. Use of chemical means to place through-holes in a metal foil 

23 clad circuit board substrate is taught in U.S. Pat. No. 5,653,893, which is hereby 

24 incorporated herein. Alternately the substrate could be mechanically drilled without 

25 forming voids in the conductor surfaces 16 and 18 as described herein. 

26 The vias formed and the remainder of the first and second conductors 16,18 

27 are then plated, thereby providing conductive pathways between the top and bottom 

28 surfaces and build-up of metal on the exposed surfaces of conductors 16,18. Plating 

29 via wall 40 can be accomplished by using electro-less plating after applying a 

30 nucleating material such as colloidal palladium or palladium sulfite and powdered 

31 silver. In this plating step, the remaining portions of first conductor 16 and 18 are 

6 
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also plated. Alternatively, electroplating of the holes can be effected before or after 




2 


the circuit pattern masks are applied as described below, by seeding the holes with a 
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conductive ink comprised of polymeric binders with powdered graphite and powdered 




4 


silver which is squeegied into the holes, excess ink drawn out, e.g. by means of a 




5 


vacuum, and the substrate baked. 
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Referring to FIG. 9, pattern masks for plating resist are then printed on certain 
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portions of conductors 36 and 38. These pattern masks are "negatives" of the desired 
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circuits, and do not cover the vias already formed. For example, masks 42 and 44 are 
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printed on conductor 36, and masks 46 and 48 are printed on conductor 38. As 
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before, these masks can be printed using electro-photographic printing (electrostatic) 


m 
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using conventional size controlled laser printing inks or the like, ink jet printing, relief 


o 


12 


press printing using either direct or off-set mode, and lithographic press printing using 


f- 


13 


either direct or off-set mode or screen orintins 


H : - 
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The exposed portions of conductors 36 and 38 comprise the desired circuit 


O 


15 


pattern. These exposed portions and the already-formed vias are again plated by 


S :! 


16 


electro or electroless means to enhance the thickness of the desired conduction 


s . 


17 


pathways. Referring to FIG. 10, conductors 50, 52, 54, and 58 are plated to give a 


M ; 


18 


thickness of between about 0.0005 and about 0.001 inches. In addition, via wall 56 is 




19 


plated to give a thickness of between about 0.0005 and about 0.001 inches. 




20 


Referring to FIG. 1 1, the plating masks are removed and entire substrate is 




21 


etched, removing the electro-less(or metallization ) plating which the circuit masks 




22 


covered and the thin beginning conducting layer leaving only the desired conducting 




23 


circuits and plated vias. Circuit elements, shields, and screens can then be printed. 




24 


In a separate embodiment, conductors and circuit components can also be 




25 


formed by the printing processes described previously. Referring to FIG. 12, substrate 






f>R has been nmressed in the manner described in FIGs 1-11 Substrate 68 includes 




27 


conductor 70, conductor 72, via 74, and plated via wall 76, all of which are formed in the 




28 


manner described above. Referring to FIG. 13, conductors 80, 82, and 84 are formed by 




29 


direct printing methods using electrically-conductive inks. The inks used to form these 




30 


conductors preferably comprise 80-90 percent polymeric binders, with the balance 




31 


comprising powdered graphite and colloidal silver. Preferred inks comprise inks with a 
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1 high wax content. 

2 Circuit elements can be printed in a desired array between desired conductor 

3 points. Referring to FIG. 14, component 86 is printed onto substrate 68 so as to connect 

4 to conductor 70 and conductor 82. Similarly, component 88 is printed onto substrate 68 

5 so as to connect to conductor 72 and conductor 84. 

6 For example, capacitors can be made by printing conductive plates where 

7 capacitors are desired. Over these plates is printed a dielectric. Over the dielectric is 

8 printed the top conductive plate and connection. A resistor can be formed by printing 

9 one or more layers between two conductors using a resistive ink. An inductor can be 

10 formed by printing one or more layers between two conductors using an ink having a 

1 1 magnetic permeability. 

12 Referring to FIG. 1 3, conductors that cross over other conductors are made by 

13 first making bottom conductors in the methods previously described. For example, 

14 conductors 70, 72, 80, 82, and 84 are formed as described above. Referring to FIG. 15, 

15 insulator 90 is printed by the methods describer herein, over conductor 80 in the location 

16 where a crossover conductor is desired. The insulator may be printed over the entire 

17 surface except where conductors between insulating layers (vias) are desired. Similarly, 

1 8 insulator 92 is printed over conductor 84 in the location where a crossover conductor is 

19 desired. Referring to FIG. 16, crossing conductor 94 is then printed, by the methods 

20 described herein, crossing over conductor 80 where conductor 80 is covered by insulator 

21 90. Similarly, crossing conductor 96 is printed so as to cross over conductor 84 where 

22 conductor 84 is covered by insulator 92. FIG. 17 shows a top view of substrate 68, 

23 conductors 70, 80, and 84, as well as insulators 90 and 92 and crossing conductors 94 

24 and 96. Printing may be done in selective areas as illustrated or by printing a 

25 multiplicity of conductors and insulators or a layer of conductors and insulators. 

26 Multiple layers of crossing conductors can be formed by printing insulators over 

27 any previous crossing conductor layer where a second crossover is desired. Referring to 

28 FIG.s 1 8 and 1 9, conductor 84, first insulator 92, and first crossing conductor 96 are 

29 formed as described above. Second insulator 100 is then printed over first crossing 

30 conductor 96. Second crossing conductor 102 is then printed over second insulator 100 

31 to form multiple layers of crossing conductors. Such multilayer conductors can be used, 
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for example, to print a transformer device onto a circuit board where primary windings 
and secondary windings are printed over one or more layers of a printed material having 
a magnetic permeability. 

Shields can then be printed over the appropriate conductors and circuit elements 
utilizing the desired printing techniques with appropriate inks. Referring to FIG. 20, 
conductors 1 12 and 1 14 are formed on substrate 1 10 using the methods described above. 
Shield 1 16 is then printed, using the printing techniques described herein, over conductor 
1 1 2, and shield 1 18 is printed over conductor 1 14. In addition, solder masks can be 
printed on areas where solder adhesion is not desired. Soldering is normally done to 
connect circuit elements to the printed circuit board. As those skilled in the art will 
appreciate, such soldering is preferably done using automated wave soldering 
equipment. Referring to FIG. 21, solder masks 122, 124, and 126 are printed over 
certain portions of substrate 120 so that solder will not adhere to those portions when 
substrate 1 20 is passed through a wave soldering device. The printing techniques may 
be used to print directly on a screen or on an offset intermediary which could be used to 
transfer the image to the screen which could be used in screening on the solder mask. 

Multi-layered structures are made by interleaving individual substrates with their 
layers of conductors, insulators and components, and insulating layers, where each of the 
individual substrates is first formed as previously described. After bonding the multiple 
substrates and insulating layers to form a laminate, the top and bottom surfaces of that 
laminate are processed like a "thick" beginning substrate. Referring to FIG. 22, laminate 
130 is formed from substrates 132, 134, and 136, and insulating layers 138 and 140. 
Insulating layer 138 electrically insulates bottom surface 142 of substrate 132 from top 
surface 144 of substrate 134. Similarly, insulating layer 140 electrically insulates bottom 
surface 146 of substrate 134 from top surface 148 of substrate 136. Alternatively, these 
insulating layers may be formed direct by printing techniques described herein. 

Top surface 144 and bottom surface 146 of substrate 134 are processed in the 
manner described using direct printing techniques above prior to lamination. Bottom 
surface 142 of substrate 132, and top surface 148 of substrate 136, are processed using 
the direct printing techniques described above prior to formation of laminate 130. 

Insulating layers 138 and 140 may comprise an adhesive material or a separate 
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disposed on surface 220, and conductor 242 disposed on bottom surface 222. However, 
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plated via wall 250 does not electrically connect to any conductors disposed on surfaces 
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21 2 or 214 of substrate 202 because insulator 204 insulates plated via wall 250 from 
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substrate 202. Via 244 having plated via wall 246 electrically connects conductor 224 
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disposed on top surface 212 to conductors 226 and 228 disposed on surface 214. 
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Still other changes are possible. For example, through holes may be 
mechanically drilled, in which case the masking, etching and plating steps for hole 
formation may be eliminated. Also, in another embodiment of the invention, a multi- 
layer board may be built up by printing layers of conductors, insulators, circuit 
elements, etc. as above described, and the resulting multi-layer board stripped from 
the beginning substrate which then may be discarded or reused. In yet another 
embodiment, the image could be printed from the appropriate inks utilizing a silk 
screen or the like, and "screen printed" on the substrate. 
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